With economic liberalization, the Indian industry has finally emerged from the shell of the license raj. It now sees investment in R&D as a means to survive and succeed in the long run. It has acquired an appetite for quality control and productivity in order to be competitive. To evaluate quality, manufactured products are tested for strength, performance, and durability in order to meet customer demands and, often, safety legislation. As a developer and manufacturer of technology used in testing, Bangalore Integrated System Solution (BiSS) has first-hand experience of the rapid changes in the market environment and what they mean for high technology manufactured products. As an entrepreneur who set up BiSS, the author experienced the challenges and tribulations of attempting to meet exacting requirements of test quality and performance, matching global standards.
O ur country is endowed with a society that is like a kaleidoscope. It reflects centuries of vibrant interaction between diverse cultures. Several golden streaks adorn our long history. However, the two centuries of colonial rule that coincided with the onset and progress of the Industrial Revolution in Europe and North America denied us the historical opportunity to benefit from our strengths in intellectual endeavour, creativity, and commerce. By promoting segregation of wealth through captive market and enslaved inputs, colonial rule reduced India to a cheap raw material exporter. Its vast population served as a captive market for finished goods and slowly slipped into poverty. Technological advancement drives competitiveness of finished products. Liberty denied to produce and to develop also renders science, technology, and even education, irrelevant.
With Independence came an opportunity to enliven the economy. However, the infamous combination of the 'licence raj' with the 'inspector raj,' effectively diluted the pursuit of technological advancement as a path to global competitiveness and improvement of the quality of life. Promotion of public sector monopoly and restrictive trade practice under the mantra of self-reliance extended colonial circumstances by eliminating industrial competitiveness. The huge captive market unfortunately ensured that this weakness would not be immediately obvious. It showed up eventually in the form of doubledigit inflation and economic stagnancy. Although Indian R&D made significant strides in the sixties, seventies, and the eighties as illustrated by the Green Revolution, supersonic flight, space and nuclear research, little translated into commercial success apart from the relief from famine through agricultural research. Pseudosocialist ideology effectively legislated the absence of industrial competitiveness to cause an ever-widening chasm between R&D institutions, academia, and industry. Large economies can afford to be inward-looking -at least for some time. However, the burgeoning deficit caused by rising oil prices, irresponsible government spending, and the growing cancer of corruption caused an economic collapse that forced a restructuring process in the early nineties. Fortunately, the coincidental collapse of the socialist system in the erstwhile USSR and its satellites helped avoid any artificial prop-up of an inherently defective system.
BISS: THE BACKGROUND
Bangalore Integrated System Solutions (P) Ltd. (BiSS) is a small business that was set up during economic liberalization in the early nineties to take indigenous high technology into the market. The origin of this technology goes back to the mid-seventies when the National Aeronautical Laboratory (NAL), Bangalore, was responsible for determining the durability (safe operational life) of the Gnat and Ajeet aircraft (that made themselves famous during the 1965 and 1971 military conflicts). The life of airframes is limited by metal fatigue that leads to cracking and eventual catastrophic failure. The process is driven by cyclic changes in operational loads. To determine safe service-life, the airframe is subject to flight-by-flight loads that simulate actual usage. This requires multi-actuator servo-controlled test rigs that cost several million dollars. At around the same time, Dr S R Valluri, NAL Director, ruled that imported equipment was prohibitively expensive and ordered that the same be developed in-house. At a fraction of the cost of imports, these sophisticated facilities were developed at NAL for the Gnat, Ajeet, and later, the MiG-21 aircraft. The success of test technology development at NAL is one of the innumerable examples to suggest that our country has the intellectual resources to develop new technology at a cost lower than even the purchase cost of many high-tech products. This underscores the wide intellectual base available and its low cost -features always recognized and now even appreciated by the Western companies.
While acknowledging a former Director of NAL for giving birth to the technology that drives BiSS today, one must not forget the other factors that made it possible. These include the wide home-grown intellectual base, thanks to the importance given to world-class technical education after Independence, the mushrooming of national laboratories that could employ such strengths as well as the awareness of management in appreciating the cost of developing technology versus its outright purchase. Of no less importance was the vision of management in reposing trust in the ability of Indian scientists to deliver the goods.
The development of test technology continued at NAL for another 15 years, culminating in the country's first microprocessor-based test controller intended for use on general purpose servo-hydraulic Universal Testing Machines (UTMs). Such an equipment is used to evaluate the strength, performance, and durability of materials and manufactured components such as shafts and axles, shock absorbers, springs, elastomer mounts, etc. Customer satisfaction is primarily derived from product quality, which in turn, is determined by performance, safety, and durability. This underscores the role of test equipment in ensuring competitiveness of materials and products and also underlines the importance of testing in research and development. It seems apparent that BiSS was set up at an opportune moment when market equations would ensure a growing demand for test equipment.
The servo-hydraulic test equipment is produced by only a handful of companies around the world. Being a niche market characterized by high value and low volume, market competition is marginal in comparison to large volume products. At the same time, a niche product cannot command a large market size. Typical servo-hydraulic UTMs retail for between $50,000 and $250,000. Custom equipment made by just a few vendors for applications such as 3-axis earthquake simulation can cost close to $3,000,000 or more. Obviously, these are products with large value addition from intellectual inputs, including R&D.
A typical test system consists of a mechanical part including load frame and fixtures, the servo-hydraulics including actuator assembly and pump, and control hardware and software. Of these, the controls account for maximum value addition, i.e., up to 60-70 per cent of the total value. This was the technology developed at NAL. For several reasons, it appeared to be an ideal candidate for the market.
TRANSFORMATION OF A SCIENTIST INTO AN ENTREPRENEUR
Setting up a company to develop, manufacture, supply, and support test equipment requires considerable investment and lead-time. Restricting initial involvement to controls made it a lot easier. This seemed to be a safe way to start a new business. The technology itself was proven and a license readily purchased from NAL to market it. The manufacture of required electronic hardware did not involve sizeable investments -it was a 'garage' or a 'dining table' level process. The only startup investments were towards basic electronic tools and skilled technicians for assembly, testing, and installation at site. The personal savings of the promoters were adequate for this start-up. The risk element appeared low and the adage, 'ignorance is bliss,' worked: both promoters came from a middle-class professional background and had absolutely no idea whatsoever regarding the practice of business.
Our initial product was targeted at the retrofit market. There are several hundred ageing servohydraulic test systems in the country and these appeared to be potential targets for retrofit with state-of-the-art control hardware and software to give them a new lease of life. Thus, for an investment of about 30 per cent of the cost of a new system, a customer could give a new lease of life to ageing equipment already familiar to his staff. We assumed that we had a world-class product that 'could be given away' at 'Indian prices.' Most target test systems were located in reputed government R&D institutions and we assumed that a CSIR-licensed technology would be greeted with open arms. Our estimates of expenditures-versus-returns predicted windfall profits and delighted employees. Most importantly, the maturity of the product was never in doubt, given our long experience of working with it on demanding projects of national importance. Most of these assumptions eventually turned out either exaggerated or plain incorrect, as evidenced from the many surprises that lay in store.
The very first site where our controls were to be installed as a retrofit was a test system that evaluates the durability of automotive propeller shafts. It gave particular satisfaction to be able to contribute to the quality of automotive parts. We had personal experience of several propeller shaft failures on the road which effectively disable the vehicle. However, the excitement of anticipation soon gave way to frustration. This particular system required incorporation of signal conditioning circuitry which our controls never required on any previous occasion. As it turned out, their introduction effectively 'paralysed' our control system. It took several weeks to identify the root cause of the problem and resolve it. This experience taught us important lessons:
Never start off with a project at a remote site; find your first customer closer home, so that logistics do not turn project closure and support into a nightmare. A system cannot be deemed as proven unless it is tested as a total system in the configuration of its final use. We eventually discovered why the addition of a seemingly harmless and unrelated circuit could have serious bearing on system performance. By definition, our product can never be tested as a complete system prior to shipment because the target system is at a remote site. We had chosen a high-technology market that called for supplying solutions that could not be tested in totality before accepting an order. Each project would thus involve some degree of on-site adaptation, if not innovation and associated risk. What appeared to be a lucrative market eventually turned into a formidable challenge. Not all customers ended up being satisfied. Another lesson that came our way was that a customer pays to satisfy his specific requirement. What seemed to be impressive features of our hardware or software did not particularly impress the customer. He was keen to see how they could help him get on with his work.
The market does not reward anyone for his knowledge or brilliance. Rewards await only those who have a solution to offer that meets specific existing requirement. Scientists often complain that their work is not sufficiently 'recognized' or 'rewarded. ' Research is often open-ended, as was most of it during the licence raj. A student can be rewarded for his knowledge and his brilliance because his sole responsibility is to learn. The same may apply to fundamental research except that a student pays to learn while a researcher is paid to create knowledge. A good example is research to determine the speed at which two particular stars move away from each other. Such research is important because it creates knowledge, from which, some tangible benefit may accrue many years later. Also, it hones analytical skills and may involve technologies that may find application elsewhere. However, the money for such research must come from somewhere. Perhaps, it should come from other research and development that can be shown to create saleable products or services, or, seen to add value to existing ones. The scientists and technologists associated with such research cannot obviously expect rewards for knowledge or for brilliance as demonstrated in presentations and research papers. Their gratification must come from demonstration of tangible benefit to society as measured in the marketplace. Clearly, customer satisfaction needs to be the focus of development activity if rewards or appreciation is expected. To think that much research proceeds even without a customer in mind! Having spent more than 15 years in full-time research, it took some effort to realize that in the marketplace, our income comes from customer satisfaction. From a technical standpoint, we discovered a wide gap that separates a scientist's understanding of a finished product from that of the customer. As technology developers, we are carried away by the first signs of life from our new creation. There is a vast divide between getting something to work and getting it to work for someone else. Going by the BiSS experience, product development involves five per cent effort towards getting it to work and the remainder 95 per cent towards converting it into a useful device that will meet someone else's requirements.
Our new found goal was to make our software easy to use and hardware easy to operate and maintain, even if it meant removing many of the frills that went with it. The user interface on the computer screen that once looked like an airplane cockpit had to be simplified to the point that it carried only a few buttons and indicators that would go green upon success and red upon failure. Instead of telling our user that he was host to an extremely complex and sophisticated system, we needed to convince him that what he had before him was extremely simple to use. In hindsight, all this is very obvious: in this rapidly advancing world, everyone is overburdened by a growing array of new responsibilities associated with a plethora of new technologies. It is only natural that anything simple to use and requiring little or no maintenance will be greeted with relief, if not enthusiasm.
In summary, the transition from technology development to product development for a demanding and competitive market is a trying experience that may drain an entrepreneur's resources and stretch his customer's patience. Enduring this ordeal serves as baptism for a scientist attempting to build a bridge across society through the marketplace. It demands a passion and commitment that would overcome frustration and would carry the promise of impact through industrial validation of a scientific or technological development. It also promotes professional enrichment by showing direction for future R&D. Vision can be blurred by lack of competition and grant-based support without accountability.
ESTABLISHMENT OF AN ENTERPRISE
A turning point in the progress of BiSS was exposure to customers in the industry. In a liberalized economy striving to be globally competitive, the industry has an insatiable appetite for technology that can improve the quality of existing products and contribute to the development of new ones. A study of any sector in the industry is likely to conclude that market competition to offer better products at lower cost serves as the engine for industrial research. In turn, industrial research serves as the engine for new technologies. It was precisely the lack of these that drove a wedge between industry and R&D/academia during the license raj -and eventually led to the devaluation of both.
Let us consider the auto-industry as an example. Today, in the liberalized environment, India is seen not only as a vast market but also as a pool of low cost labour and a reasonable source of auto-components. Manufacturing is moving from lines in the US Rust Belt to the industrial suburbs of Delhi, Chennai, Gujarat, Maharashtra, and Karnataka. Every manufacturing line includes a vast variety of sophisticated production equipment that requires spares and support. If these are all shipped over from the country of origin, such as the US, the cost of their support may well determine the very viability of the project. This leads to the search for local substitutes of acceptable quality and thereby throws up opportunities to local technology vendors such as BiSS.
Movement of high-technology manufacturing to India also brings the need to groom local talent in manning as well as managing the production lines. Engineers thus trained become the target of head-hunters from local competition vying for a slice of that global pie. As these engineers move on to lucrative positions in competing local industry, they often take with them a perception about the need for sophisticated test equipment to check product quality.
In 1997, BiSS supplied its first test system for use on shock absorber assembly lines. The development of this technology progressed over two years and ended in a product priced at about 30 per cent of imports. Over the years, dozens of such systems have been sold to major manufacturers in the country. If there is any single product from BiSS that has made a visible impact on industry, it would be the shock absorber test system. Every 50 milliseconds, a shock absorber is tested somewhere in the country on a 'BiSS stroker.' Our country now exports shock absorbers to the most demanding markets in the world including the US, Europe, Australia, and even Japan. In this process, BiSS strokers serve as watchdogs of quality.
The strokers operate on shop floors next to welding and oil filling equipment which is often a hot, wet, and sometimes, unclean environment, essentially hostile for electronics and sensors. These assembly lines work to capacity, typically three shifts a day and sometimes seven days a week. Failure of the stroker essentially means a halt to the production process. These demanding conditions require the test equipment to be not only reliable but also rugged. Much effort was expended in making this possible and BiSS enjoys the rewards as much as its customers do. Thus, BiSS customers, in turn, impacted the quality of BiSS test technology in a manner that will serve us well in the future -a good example of industry-R&D linkage.
STIMULATING INNOVATION BY LEGISLATION
The BiSS stroker technology is an example of how a mutually beneficial relationship between R&D and industry can emerge naturally, without any official initiative, patronage, subsidy or protection. Healthy market equations serve as an engine for growth of a relationship between industry and academia. Such a suggestion may appear controversial, given the official spin alluding to the stupendous task performed by leading science and technology managers and civil servants to build linkages between academia, R&D, and industry.
Industry relies on innovation to remain competitive. R&D institutions serve as the fountainhead of such innovation and academia provide the knowledge required for that innovation. The license raj effectively diluted this natural interdependence. No amount of heroics by administrators and managers of science and technology can replace sensible laws to regulate a stimulating environment of interdependence. Preventive care is more productive and less expensive than the ICU. Sensible policy can reduce the need for heroics.
Economic reforms in the nineties saw the introduction of progressive legislations towards a healthy economic climate. However, a few exceptions to this rule point to remnants of the old mindset. The Chapter 10/ 97 Notification under excise rules may serve as a good example of a law that causes enormous damage to the cause of indigenous technology while alluding to the contrary. The purpose of this rule was ostensibly to assist R&D and academic institutions in procuring locally manufactured equipment without having to pay excise duty. It may thus be construed that this rule promotes the induction of Indian research equipment into local R&D and academic institutions. However, it is the exact opposite that may be true. One may, in fact, argue that Chapter 10/97 actually protects foreign suppliers from local competition and discourages Indian academia and R&D from sourcing equipment of Indian manufacture. The following illustrates why this may indeed be the case.
The Western countries enforce VAT whereby manufacturers obtain 100 per cent duty rebate on all taxes paid towards inputs. Further, as a measure of promoting exports, most, if not all, foreign governments exempt exports from duty while permitting rebates on duty paid towards inputs. Thus, foreign manufacturers exporting manufactured products to India can price them more competitively than back home. Chapter 10/97 makes things even better for foreign vendors by virtually eliminating local competition in India. Here is how it renders Indian manufacturers non-competitive.
Customers in Indian academic institutions and R&D organizations including CSIR, DRDO, ISRO, and DAE do not pay any customs duty on imported equipment. Nor do they have to pay any sales tax on imports. In contrast, at least four per cent if not greater sales tax is levied on all local sales to such customers. This makes local procurements that much more expensive. An even more serious obstacle to a level playing field is hidden in the fine print. Chapter 10/97 exempts academic and R&D institutions from excise duty -creating the patently false impression of promoting local procurement. The fine print of Chapter 10/97, however, notes that the vendor (manufacturer) shall pay the duty on behalf of the customer! This is by way of eight per cent duty reversal to be paid on the supply.
It is easy to see how local procurements are made 12 per cent more expensive by comparison to imports. It could be even more, considering that foreign vendors are selling established technology, while the same may be in the developmental stage in our country. One may note that many local equipment manufacturers who compete with imports do so by developing indigenous technology at their own expense. They practically do not have access to public funds that are the exclusive privilege of government R&D. It takes much effort and investment to develop technology that can compete favourably with imports on technical merit. Having achieved such an objective, one still needs to contend with well-established foreign brand names and finally confront a non-level playing field where imports enjoy a virtual subsidy of 12 per cent or more.
There are three possible ways of correcting this aberration:
• Replace Chapter 10/97 with a new legislation that treats equipment sales by local manufacturers to academia and R&D as 'deemed exports.' • Scrap duty exemptions for academia and R&D and suitably enhance funding of deserving institutions.
• Provide reimbursement to academia and R&D institutions along the lines of VAT. Given the intellectual strength in the country, enforcing a level playing field would enable the growth of competitive high technology hardware manufacturing. This is a high value niche area where, given fair treatment by government, India can emerge as an exporter of high value equipment.
It took almost ten years for BiSS to acquire the wherewithal to export high technology equipment to the US. It could have taken less time but for ill-conceived and patently discriminatory ground rules such as Chapter 10/97. Scrapping it would be a win-win proposition for government as well as the industry. The government will save foreign exchange by avoiding imports of expensive equipment and further improve the trade balance by export of such technology. To be able to export high technology, it helps to have a wide home customer base, as will be discussed later.
PROMOTION OF TECHNOLOGICAL INNOVATION
The setting up of incubators such as the Centre for Innovation, Incubation, and Entrepreneurship (CIIE) at Indian Institute of Management, Ahmedabad and the Anveshan (search for inventors and innovators) is a laudable step in the right direction. Similar moves by technical colleges including the IITs will certainly make a difference. Particularly so, considering that centres of excellence in science and technology are guaranteed sources of innovative products and services.
As mentioned earlier, manufacturing brings with it proven know-how from the developed world. When viewed in one context, it provides employment to many and revenues to the manufacturer as well as the government. When viewed in another context, it exposes our engineers to a new level of technology and builds the foundation for them to develop similar products. Given the mobility of manpower, new local companies will emerge that will undoubtedly enter the global market with competing products as widely observed in China.
When viewed on yet another plane, creative skills in developing similar products also inevitably register in local minds. So it is not just manufacturing that moves across borders. Innovation motivated by business opportunity can induce the parallel movement of knowhow including the science and the technology behind it, for new designs and new concepts for similar or superior products that came in with manufacturing. Given the right circumstances, companies that move their manufacturing today, in order to lower costs, may be persuaded tomorrow to move their design and R&D. Many have already done so. If India can convince the world that it has the best conditions not just for manufacturing, but also for design and R&D, therein lies the proof that 'we can do it.'
When foreign companies move their R&D into India, they come with built-in linkages that may serve as visible demos to our own corporates. A good way of enforcing a level playing field across the board would be to avoid any kind of exemption or other concession to any player. The example of excise rules in Chapter 10/97 cited above illustrates how an ill-conceived concession may actually serve the opposite purpose.
If the government truly has faith in the ability of its people to elect its rulers, it surely can have confidence in them to be creative in other ways. This simple possibility does not appear to have crossed the minds of those that govern industry, science and technology. Fifty years ago, the governing belief was that high technology could only be pursued in the public sector. Today, the same concept remains extended to R&D even though it has been largely discredited by most sectors of manufacturing. Thus, while government-owned R&D institutions can readily access public resources, private companies, particularly small businesses are denied such access. While on paper, this may not appear to be so, the traditional slow pace of paper work effectively negates any interest of small businesses in soliciting government support.
Several years ago, BiSS embarked on a project to develop its next generation digital signal processor (DSP)-based controller for servo-hydraulic test systems. Being an in-house R&D unit recognized by DSIR, we first considered approaching our 'Fairy Godmother' for funding. But, the formidable paper work associated with seeking funds under the PATSER or TDB schemes discouraged us from doing so. Also, their conditions of release and interest rates were clearly discriminatory and seemed to suggest that the government is simply bent on throwing good money after bad through a nonlevel playing field for developers and researchers in the country.
The government may also consider utilizing its resources to protect private intellectual property created in the country -as it would its own. This may serve the nation's interests as it tries to play a game for which the rules were written by those who feared erosion of their intellectual monopoly through global commerce. BiSS never found the resources to patent several inventions that were necessary in its course of product development. Many of these are already incorporated in its products and may appear attractive to competing predators world-wide. Given some encouragement by the government, BiSS would be motivated to file for global patents to protect innovation that emerged out of this country. If this means sharing returns on sales with government, so be it. However, again, if this means exhausting paper work and inordinate delays in processing, that effort may be well worth investing on more inventions.
Under prevailing circumstances and going by BiSS experience, small businesses and individual innovators may be better advised to fund their own R&D as a measure of investment in a secure future. R&D expenditures like other running costs are deducted from corporate income for tax purposes. One does not need any special laws or rebates to promote expenditure on R&D. And this is a viable alternative to seeking government support as seen from the BiSS experience that is described below.
In-House R&D: Lessons from the BiSS Experience
High technology carries with it the promise of high returns. This is particularly so in niche areas such as testing technology where volumes are small and intellectual content is high. These are conducive to high margins because of the low cost of intellectual inputs in our country. However, the beginnings are likely to be rough.
The Silicon Valley illustrates the potential for explosive growth of high technology. Located in the vicinity of Stanford University and CalTech that served as sources of knowledge and of competitive aerospace industries that served as sinks for high value innovation, the right combination evolved to propel the growth of the semiconductor and micro-computer industry.
Bangalore may also serve somewhat as an analog to such a combination. However, a vital ingredient for entrepreneurship to bloom -financing -is sorely absent in our country. We do have venture capitalists but their focus has been either on very high-end projects involving tens of millions of rupees or on Information Technology (IT), or more recently, Bio-technology (BT). The more mundane manufacturing technology is left to the mercy of the mundane banking business. Bankers look upon an entrepreneur as a liability not as an asset and this is at the core of our problems. The bank would talk to an entrepreneur only if he backs up his loan application with matching collateral. The viability of the project and the technical competence of the entrepreneur carry little meaning. This effectively cuts out tens of thousands of talented professionals from potential entrepreneurship that could have changed the face of the Indian economy.
BiSS was started on personal savings and its growth was made possible by sustained reinvestment of increasing year-by-year earnings into new technology and new products. This implies a slow rate of growth that also limits the potential for exploiting new innovations. Bigger corporates can afford to flood the market with a new product. Deep pockets can also cut out competition through dumping. A small innovator's product, in contrast, is easy prey for pirating if not elimination through dumping.
The initial phase of a small high-technology business will see unforeseen additional expenditures to cover support to clean up teething bugs, rectify site-dependent problems, and fine-tune the product. It is important not to grudge these costs because establishment of credibility is the key to future success and one should persist even if it means there is nothing left 'except to eat grass. ' It helps to have early customers from industry who have a pressing need to use the supply. Such customers are likely to be very supportive in cleaning up a system in a way that could not be possible in a developmental environment. They are motivated by the need to get on with their job as well as to show their peers that they made the right decision. Small customers in private industry also happen to be prompt paymasters.
When an innovative private enterprise is just learning to walk, there are enough technological stumbling blocks to battle. So, a slow or corrupt customer who delays payment may well serve as the proverbial straw that breaks the camel's back. The legal system in our country is powerless to enforce timely justice in such an event.
Another reason to pursue customers in private industry is the inherent need for small industries to take risks in procurement in order to reduce capital investments and increase profitability. In contrast, the large corporate or government procurement process is essentially engineered 'to play it safe.' High budgets are often projected and procurements made from wellestablished (foreign) vendors, with the added bonanza of a foreign sojourn. This drives development costs up but then 'it is provided by the budget. ' Finally, one cannot ignore the fact that corporate procurement rules are loaded against the local vendor. Thus, while foreign suppliers will be entertained with a 100 per cent Letter of Credit (or LC, against which they can obtain working capital financing), the 'untrustworthy' local supplier will be asked to furnish a 10 per cent security deposit as a guarantee that he will actually deliver. Payment will be after delivery after several weeks of installation and commissioning with a further 10 per cent deposit taken as a performance guarantee for 12 months. Thus, upon bagging a government order, the entrepreneur has first to set aside money to collect the order, then scrape up funds to actually deliver the goods. Having done so, it will be several weeks (or months, or even years) before he gets paid. One must also note the relative ambiguity of 'payment after successful commissioning' by comparison to an LC. This carries the potential to corrupt local procurements as seen in several instances. A start-up entrepreneur has little time and no money to cope with such nuances leading one to conclude that the government procurement process and entrepreneurship are incompatible by design.
Contrast the above with customers in private industry who are usually willing to provide up to 30 per cent advance payment with an order. This effectively makes for the bulk of working capital required to execute an order and is a moving illustration of how willing the industry is to lend a supportive and trusting hand. Particularly so, if one considers that such advances are often paid out of borrowed capital.
Finally, one must underscore the extremely slow procurement process in the large corporate sector. Big outfits are driven by budget allocations and the March 31 deadline to exhaust them. The small entrepreneur needs a steady flow of orders without huge overheads and delays in getting them. This may be easier accomplished by working for small industries that are equipped to take calculated risks and back them with quick decisions.
As the company's credibility is established over several years of successful operation, the bankers also tend to be a little more considerate. Strictly based on 100 per cent collateral (or more), they are willing to provide working capital as well as bank guarantees (that are so important to solicit government orders).
Once the technology is established and the business begins to flourish, the innovator will finally see surplus funds on his hands. Unfortunately, this is not the moment to rejoice and enjoy but the right time to contemplate the future. BiSS management took the difficult decision to square off the balance sheet to show near-zero profits (showing clear zero profit would attract undue attention of the Income Tax Commissioner's office) by re-investing all potential profits into R&D. In the first year, about 15 per cent of revenue (about Rs 65,000) was thus spent. It is gratifying to note that R&D expenditure in 2004-05 may exceed about Rs 25 million (or in excess of 35% of earnings). For a team of about 30 people, this is a sizeable amount to 'play with' as we yearn to develop new technologies and processes that could be adapted to the testing business. Over the years, BiSS has become the largest single resource in the country for servohydraulic test technology that is emerging as a global player. Several unique technologies were developed by the BiSS team including contamination-insensitive servohydraulics and energy-efficient variable frequency pumps that make testing a lot less expensive and a lot more reliable. The major R&D project in 2004 was the development of an 8-actuator 3-axis, 6 degree-of-freedom shake table to simulate earthquakes. Such equipment had been available from just one or two global vendors at a price exceeding Rs 100 million. It was developed at BiSS on a budget less than Rs 20 million.
Over the years, BiSS has developed testing machines that are now exported to demanding customers in North America and Asia-Pacific. We note that similar machines are denied to our own defence and nuclear laboratories by Western embargoes. To some, this may appear as a measure of our own self-reliance. To the team at BiSS, it is a recognition of our global stature as a hardware technology provider. It gives particular satisfaction that our R&D effort was entirely funded by our own earnings. We have demonstrated that we can do creative work, innovate, and write peer-reviewed research papers using funds earned from delivering technology to customers in a competitive environment. And we can do this in India. This is a tribute to the pre-eminence of R&D as a technology and market driver and testimony to the changes sweeping across our economy.
With emphasis on dependable and prompt aftersales support, BiSS was able to cash in on the natural advantage of being a local vendor. By investing on support rather than marketing, new orders were secured based on the established credibility of local technology as a viable alternative to expensive imports. The increasing customer base impacted continued product improvement right up to a point where enough courage could be mustered to export 'coal to Newcastle.' The BiSS experience thus flies against the logic behind the concept of 'Export Only Units' nurtured by the government. Clearly, such units can only work with proven technology which by implication would be the re-export of imported technology. If the country wishes to be a global source of technology, what better place to prove it and fine-tune it than the local market? One may recall that Sony swamped the world with the Walkman and Japanese cars flooded the US market after the energy crisis in the seventies because these were technologies already proven in the Japanese (home) market. Closer home, customers had to suffer the defects that plagued early models of the Sumo and Indica from TELCO (now Tata Motors). The company no doubt benefited from this exposure as evidenced by the heartening news that these vehicles are now being exported. Would this have been possible given the 'Export Only' concept?
The Challenge of Growth
BiSS is an R&D oriented company whose team derives satisfaction from the excitement of technology and product development. One may expect that such a team needs to be intellect heavy. Indeed, that is the case. BiSS does not invest on plant and machinery in the manner that is characteristic of the manufacturing sector. Machining work is performed by sub-contractors. The company's effort is focused on design and integration and the manpower is, therefore, highly skilled and specialized. Most BiSS employees are either engineering graduates or skilled and experienced technicians. Building an R&D-oriented team is a challenge compounded by circumstances of being a small company and the overall lack of the 'tinkering attitude' in a country with an agrarian accent compounded by centuries of colonial subjugation.
In any creative and competitive enterprise, it is eventually the people who count. At a time when the world's biggest names are scouting for talent in our country, it is difficult for a small and a relatively unknown company like BiSS to pick up the cream. We attempted to convert this problem into an opportunity. To be of any use to a collective, academic brilliance must be combined with the ability to apply it for collective good. This is not an attribute readily reflected in the marksheets. The BiSS work profile requires thinking engineers willing to take brave engineering decisions that lie at the foundation of innovation. In our business, much of our R&D effort results in failure. We treat these as lessons learnt and, therefore, worth paying for. We count on the remainder to pay for our livelihood. This approach has paid off thus far and there is no reason to suspect that it may not in the future. It is well known that small businesses in the US account for a major fraction of high technology development and production. A cursory study of the environment in small businesses there reveals that they too are unable to attract the cream of engineering graduates. A friendly and informal work environment, devoid of hierarchy, combined with a continuous flow of exciting projects and the freedom to take important decisions apparently make it possible to bring out the best from a hardworking and committed young collective, even if it may not have graduated from MIT, CalTech or the IITs. Eventually, most day-to-day work is not rocket science.
Not getting the cream of the cream means more effort spent on training and classes. The cornerstone of success in collective endeavour is mutual trust. Rules of conduct in large corporates and particularly in the government system often centre on distrust rather than trust. A small private business allows the freedom to cultivate trust. Indian employees are amongst the most committed and trustworthy one can find anywhere. They value knowledge and respect those who are willing to share it. Nurturing team spirit and continuous delegation of authority go a long way in cultivating leadership skills.
Hands-on experience, continuous peer interaction, and commitment develop a professional attitude that apparently compensates for lack of academic brilliance. Finally, most contemporary R&D effort is highly interdisciplinary. Therefore, it is not what one knows that counts but one's willingness to quickly learn what is required to get on with one's work.
Some young engineers realize their dreams in an environment of R&D. Others discover they were in the wrong place and move on to less intellectually challenging and perhaps more lucrative positions. It is a matter of fact that R&D work does not pay as well as production. And production does not pay as well as sales. And sales cannot pay as well as marketing. And none of these pay as well as business management! An R&D environment, however, offers variety in day-to-day work. Many discover an elevated self-esteem at the prospect of creating technology which in some ways appears to be like making the impossible happen. However, one should not overlook the danger of the looming delivery date. The very credibility of entrepreneurship hinges on meeting deadlines because the supply will, in turn, determine the fate of the customer.
PURSUIT OF TECHNOLOGICAL INNOVATION: A CASE FOR THE PRESENT AND THE FUTURE
High technology entrepreneurship typically requires higher degree inputs of technical intellect. India with a burgeoning middle-class and its appreciation of the value of higher education carries immense potential for high-tech entrepreneurship. Entrepreneurship requires financing, which unfortunately, may not be forthcoming from a middle-class background. India does not have a broad-based framework in place for financial support of any kind of entrepreneurship. The burning need of the hour is a flood of risk-taking financing from government to support innovation and entrepreneurship in the manufacturing sector. The government has such funds in its custody, aptly milked from technology imports over the past few decades. The vision that gave birth to the public sector in the fifties was that of a selfreliant India. We obviously aimed too low. The vision that can drive support of entrepreneurship in high technology manufacturing and processes is one of global technology leadership. In the early nineties, when BiSS was born, one had to endure indifferent bankers, corrupt tax officials, and a non-level playing field in the market with skeptical corporate customers. Significant changes have taken place over the past ten years that would have been unthinkable in the eighties. The inspector raj is on the verge of retirement. Corruption-prone tax legislation faces the challenge of the VAT regime. Draconian currency and customs rules have long been forgotten and today's entrepreneur can not only outsource products and services without delay but also travel where he pleases in the pursuit of business opportunity. Surplus trade has made the rupee stable and brought inflation under control, easing loan repayments.
The promise of high-technology innovation and entrepreneurship can be readily appreciated. Market equations are built around supply, demand, and associated costs. When a backward nation exports bananas, their cost is based on the cost of growing bananas, which in at least some measure reflects the cost of living of the local farmer. It must be very low by comparison to the cost of living in the rich, developed countries that sell high technology. However, its customers, no matter where they are, have to (a) pay the cost of developing them in a high cost environment, (b) share the burden of supporting the sustenance and further improvement of the quality of life of those who developed that technology and (c) pay for the development of even newer technology. This appears to be a recipe for the poor getting poorer and the rich, richer. It now stands threatened by the internet and cheap transportation that has globalized economic equations. In their quest for increased shareholder dividends, even if it be at the cost of local jobs, manufacturing is being moved to cheaper locations. This is done under the belief that the technology that made such manufacturing possible can be not only protected but even nurtured. The pursuit of IPR and more stringent patent laws is part of this game. The standardization of manufacturing quality management through ISO, etc., assists in pre-qualification of potential vendors for outsourcing.
As manufacturing thus moves into India, it presents a unique opportunity to leapfrog in terms of exposure to higher levels of technology -paid for completely by foreign capital. Even if this is done without an eye on innovation as was the case during the license raj, there will be some returns commensurate to inputs by way of labour and duties. However, innovative local participation can lead to leveraging of competitive strengths against those very quarters that brought the technology in. A glance at the economic progress of the Asia-Pacific region stands testimony to such a possibility. In the early sixties, while India was into supersonic aeronautics, nuclear research and rocket science, countries such as Malaysia, Indonesia, Philippines, Thailand, Taiwan, Singapore, and South Korea did not even boast of passable engineering education. However, unlike India, they soon threw their doors open to the then booming US semiconductor industry as it looked for cheap places to re-locate manufacturing of ICs. Today, Korean companies (not the US MNCs) lead the world in memory chips and TFT displays, while Taiwan is an aggressive player in portable computing. In large measure, this was made possible by the creative abilities of thousands of local engineers who initially worked for foreign companies, then set up their own small businesses to first offer cheaper outsourcing, then graduated with massive government support to confront their very creators through global competition. However, some other countries, notably Philippines, Indonesia, etc., did not exploit the same opportunity.
Our lawmakers, civil servants, and financial institutions need to ask themselves whether the country can afford to miss the bus a second time. We lost out on electronics and semiconductors. Can we afford to ignore the looming changes in automotive industry, the search for alternative transportation, renewable sources of energy, etc? Structural changes in the economy are already opening doors to the movement of manufacturing into India. We need to ask ourselves whether our readiness is only at the 'coolie level,' or, whether we also want to set our eyes on the big prize. Do we just want to get on board for the ride, or, do we seek to move onto the driving seat of global industry by motivating the creation and exploitation of intellectual wealth?
The changes forced upon our economic fabric by foreign lenders in the early nineties effectively liberated entrepreneurship from the clutches of the license raj. The need of the hour is the manifestation of public faith in the potential of entrepreneurship to enhance the economic livelihood, if not the very quality of life, for the majority of our countrymen. By nurturing creative skills in engineering and innovation through ambitious and risktaking financing and by ensuring a level playing field for national and international competition, India may be able to reap long-term windfall profits from its age long investment in education and quest for knowledge. Quite simply, high technology developed and produced in a poorer country will enjoy an unbeatable competitive edge in the global market.
While structural changes take time, particularly in a diverse democratic society such as ours, potential entrepreneurs may appreciate the opportunity on hand and determine whether the challenge is worth a fight -even without institutional support. Going by the BiSS experience, the challenge is well worth it. The BiSS experiment is a living proof that our scientists and technologists need not leave the country in search of professional satisfaction. Every scientist worth his salt can seriously consider the potential of carrying his technological expertise into the local, then, global markets. Traditionally cited obstacles such as the bureaucracy with its endemic corruption and poor infrastructure are more than offset by the current boom in local as well as global demand for technology at lower cost. Global inputs in the form of raw material are readily available. Finally, there is the promise of building global partnerships in the universal pursuit of cheaper and better ways of doing things.
The BiSS experience may interest those who are contemplating a career in technical innovation and entrepreneurship. It is an illustration of the problems that one has to face and the eventual rewards one can expect -the profound professional satisfaction from having made an impact, not just on a market, but on the industry, of participation in a process that makes the country a meaningful player in the global arena. The difference is in doing something, rather than merely talking about it, which goes way beyond writing a research paper, or presenting one at a conference. Carl Rogers
